The nominal species Oligoryzomys flavescens (yellow pygmy rice rat) appears in different phylogenetic reconstructions as paraphyletic, forming a complex together with Oligoryzomys fornesi (Fornes' pygmy rice rat) or Oligoryzomys sp. B. To test if O. flavescens includes cryptic species, we used a phylogenetic and a phylogeographic approach to analyze the evolutionary relationships among the lineages of this complex and estimated their geographical distributions using niche modeling analysis. We analyzed a portion of the mitochondrial cytochrome b (Cytb), exon 1 of the Interphotoreceptor Retinoid Binding Protein (Rhp3), and intron 7 of the beta fibrinogen (Fgb) genes and estimated divergence times among lineages using a fossil-calibrated molecular clock. The Cytb phylogenetic tree shows 2 main clades: 1 clustering individuals distributed predominantly in the east of the study area and the other grouping individuals from the west, which would correspond to the subspecies O. f. occidentalis. 
Cryptic species constitute a challenge for systematic biologists because speciation is not accompanied by either morphological distinctiveness or allopatric distribution, which would facilitate identification of different species-level entities. As a consequence, the actual number of biological species is likely to be higher than those currently described (see Bickford et al. 2006 for a review). Frequently, cryptic species are revealed by DNA sequence data and then, morphological and ecological characterizations usually confirm their specific status. This fact highlights the importance of incorporating DNA sequences in alpha taxonomy (Granjon and Montgelard 2012) . Detection of relatively high genetic distance values among populations of a species helps to recognize the existence of more than 1 species-level entity. Moreover, use of fine-scale phylogeographic analysis, encompassing most of the known range of the species, permits us to distinguish between clinal patterns of population divergence, which can be explained by processes such as gene flow, drift, or local selection, from phylogenetic breaks. Thus, the phylogeographic approach is a valuable tool not only to analyze the genetic structure of populations as a result of present and historical processes, but also to clarify the specific taxonomic status of morphologically similar related lineages. Although some cryptic species have been found among ancient divergent lineages, the majority has resulted from recent speciation events; hence, substantial morphological traits or other diagnosable features typically have not yet evolved (e.g., Agrellos et al. 2012; Martínez and Gardenal 2016) .
The Oryzomyalia rodents (Sigmodontinae), a clade comprising the tribes Abrotrichini, Akodontini, Andinomyini, Euneomyini, Oryzomyini, Phyllotini, Thomasomyini, Reithrodontini, and Weidomyini (Salazar-Bravo et al. 2016) , have experienced a relatively sudden and explosive diversification since the arrival of their ancestors to South America about 6 million years ago (Ma-Steppan et al. 2004) . One of the most speciose genera within the tribe Oryzomyini is Oligoryzomys (Bangs 1900) , which is broadly distributed in a variety of habitats from Mexico to Patagonia in South America. The monophyly of the genus is well established (Carleton and Musser 1989; Myers et al. 1995) ; however, taxonomy at the species level is problematic due to high similarity in morphological characters (Carleton and Musser 1989) . In recent years, a number of studies based on molecular or morphological data have elevated subspecies to the rank of species or resurrected species previously synonymized. Examples include Hanson et al. (2011) , who, in a molecular phylogenetic analysis, recovered specimens of Oligoryzomys fulvescens delicatus from Venezuela and O. f. costaricensis from Costa Rica as separated clades from O. fulvescens (fulvous pygmy rice rat) from Mexico, elevating them to the rank of species: O. delicatus (delicate pygmy rice rat) and O. costaricensis (Costa Rican pygmy rice rat). Teta et al. (2013) performed a morphological study and resurrected the name O. spodiurus (Ecuadorean pygmy rice rat), previously considered a junior synonym of O. destructor (destructive pygmy rice rat- Musser and Carleton 2005) and recognized as valid the name O. brendae (Brenda's pygmy rice rat) for populations of the Yungas rainforest of Argentina originally assigned to O. destructor. Later, González-Ittig et al. (2014) performed a phylogenetic analysis and confirmed that O. spodirus formed a clade separate from O. destructor. These workers demonstrated that 2 widely distributed nominal Oligoryzomys species (O. destructor and O. fulvescens) are, in fact, a complex of 2 or more species-level entities with low morphological differentiation, emphasizing the need for studies that take into account regional intraspecific genetic variation in the genus.
Oligoryzomys flavescens (yellow pygmy rice rat) shows a particularly wide distribution. This species occurs in central and northern Argentina, Uruguay, southeastern Brazil, and Paraguay; a range encompassing different climates, soils, and vegetation structures including Humid Pampas, Uruguayan Savanna, Mesopotamian Savanna, Alto Parana, Serra do Mar, Low and High Monte, Espinal, Humid and Dry Chaco, Yungas, Central Andean Puna, and Bolivian montane dry forest (Porcasi et al. 2005) . Contreras and Rosi (1980) Massoia (1983) described O. f. antoniae in the northeast of Argentina. However, in a recent summary by Wilson and Reeder (2005) , O. flavescens was considered monotypic.
In a study of the phylogenetic relationships among Oligoryzomys species using the control region of the mitochondrial DNA, Rivera et al. (2007) O. nigripes, and O. chacoensis-González-Ittig et al. 2010) . In their study about levels of sequence variation in Cytb in 4 genera of cricetid rodents, Bradley and Baker (2001) proposed that values of genetic distance between 2% and 10% could correspond to either conspecific populations or to valid species. They suggested that further sources of evidence should be taken into account to clarify if unrecognized species existed in such cases. Rivera et al. (2007) and González-Ittig et al. (2010 , 2014 ) also suggested that the distribution of clades in the O. flavescens complex would be associated with different ecoregions. However, their results were inconclusive since they included a relatively small number of populations.
The development of accurate taxonomy and knowledge of the geographic distribution of the different lineages within the O. flavescens complex is important, given their role as natural hosts of etiological agents of human disease. Oligoryzomys flavescens has been associated with 2 different genotypes of Hantavirus that cause Hantavirus Pulmonary Syndrome: Lechiguanas and Bermejo (Levis et al. 1998; Padula et al. 2000) . Lechiguanas (or Central Plata) was recovered from rodents captured in eastern Argentina and southwestern Uruguay (Levis et al. 1998; Delfraro et al. 2003 ) and the genotype Bermejo was recovered from a single specimen of O. flavescens from northwestern Argentina (Rivera et al. 2007 ). In accordance with Mills et al. (1999) , the precise host identification and the knowledge of its geographic range are essential to define the potential endemic area of disease and to develop prevention programs.
In this study, we used a phylogenetic and a phylogeographic approach based on sequence data of specimens from Argentina, Uruguay, Brazil, Bolivia, Paraguay, and Peru to analyze the evolutionary relationships among lineages of the O. flavescens complex. We selected the Cytb gene as mitochondrial marker and the exon 1 of the Interphotoreceptor Retinoid Binding Protein (Rhp3) as well as the intron 7 of the beta fibrinogen (Fgb) genes as nuclear markers because they are the most widely used genes in other phylogeographic and phylogenetic studies on the genus Oligoryzomys. This allowed us to include additional sequences of the species complex that we downloaded from GenBank, increasing the number of samples and locations. Additionally, we estimated the geographical range of each lineage by modeling the spatial distribution of their ecological niches. Our null hypothesis is that the different forms included in the O. flavescens complex represent geographic variations belonging to the same species. The alternative hypothesis poses that the genetic divergence found within the O. flavescens complex is the result of recent speciation events. If the latter hypothesis is supported, then different lineages should have distinct environmental niches and hence, occur in different ecoregions, thus limiting or preventing gene flow.
Material and Methods
Samples.-Tissues (liver, heart, and kidney) were collected from 94 livetrapped specimens of O. flavescens and 7 of O. fornesi from 36 localities in Argentina and 1 locality in Uruguay (7 of the O. flavescens and 3 of the O. fornesi specimens were previously analyzed in González-Ittig et al. 2010 , 2014 . All specimens were identified on the basis of external morphological characters (Carleton and Musser 1989; Díaz et al. 1997; Díaz 2000) . Collection and specimen identification codes and capture site locations are provided in Supplementary Data SD1. Animals were collected following the guidelines of the American Society of Mammalogists (Sikes et al. 2016 ) and current laws of Argentina and Uruguay.
DNA extraction and PCR amplification.-Total genomic DNA was extracted from either frozen or alcohol-preserved tissues using a standard phenolic method (Milligan 1992) . A portion of the mitochondrial Cytb gene was amplified with primers Mus 14095 (5′-GACATGAAAAATCATCGTTGTAATTC-3′) and Mus 15398 (5′-GAATATCAGCTTTGGGTGTTGRTG-3′-Anderson and Yates 2000) following the conditions described in González-Ittig et al. (2010) . A portion of the Rbp3 gene (1-1,194 base pairs [bp] ) was amplified with primers A1 (5′-ATGCGGAAGGTCCTCTTGGATAAC-3′) and B2 (5′-ATGAGGTGTTCCGTGTCCTG-3′) following the conditions described in Jansa and Voss (2000) and Weksler (2003) , and intron 7 of the Fgb gene was amplified with primers β17-mammL (5′-ACCCCAGTAGTATCTGCCGTTTGGATT-3′) and βfib-mammU (5′-CACAACGGCATGTTCTTCAGCAC-3′) according to Matocq et al. (2007) . The samples were sequenced at Macrogen USA, Inc. (http://www.macrogenusa.com) in an ABI 3730x1 DNA automatic analyzer (PE Applied Biosystems, Foster City, California) using the primers mentioned above. For each nuclear marker, heterozygous alleles were determined using PHASE v2.1.1 (Stephens et al. 2001) . The file input used in this software was obtained from SeqPHASE (Flot 2010) . The 3 gene segments were analyzed separately, given their differences in substitution rates, which could lead to incongruent phylogenetic estimates.
The taxonomy of Oligoryzomys is rather uncertain, mainly because of high morphological similarities among species. For this reason, we checked all the sequences present in GenBank from putative areas of distribution for the different forms of the O. flavescens complex, determining their position in a phylogenetic tree for each gene to test if they were assignable to this complex. GenBank accession numbers of the sequences obtained in this study and those available from previous studies are listed in Supplementary Data SD1 and SD2.
Phylogenetic analyses.-Multiple-sequence alignments were performed with Muscle (Edgar 2004 ) using the default parameters. Using PopART v1.7 (Leigh and Bryant 2015) , identical sequences were identified and collapsed into haplotypes. Phylogenetic relationships among haplotypes were estimated using maximum parsimony (MP) and Bayesian inference (BI). We chose these methods to make our results comparable with other phylogenies in the genus (Weksler 2003; González-Ittig et al. 2010; Palma et al. 2010; González-Ittig et al. 2014) . MP analysis was performed with PAUP 4.0 b10 (Swofford 2003). Equal weighting was used for all characters. The Wagner algorithm was used for the heuristic search of the phylogenetic reconstructions with 250 random addition sequences, saving 5 trees per replica with the TBR branch swapping algorithm. We summarized the trees obtained in the MP analysis as a single, strict consensus tree. Node support was evaluated by 1,000 bootstrap replicates.
For BI, the best-fitting model of sequence evolution was selected using jModeltest 2 (Darriba et al. 2012 ). The GTR+G model was selected using the Bayesian information criterion (BIC) for Cytb, the HKY+I model for Rhp3, and the HKY+I+G model for Fgb. Bayesian inferences were performed using MrBayes 3.1.2 (Ronquist and Huelsenbeck 2003) with 2 independent Markov chain Monte Carlo (MCMC) runs, with 1 cold and 3 heated chains each. Runs were performed for 10 million generations and trees were sampled every 1,000 generations. We discarded the first 25% of the samples as burn-in and the 2 runs we performed converged on very similar posterior estimates with an average standard deviation of split frequencies of 0.005. We assessed convergence and mixing visually using Tracer 1.5 to plot likelihood scores for all parameters by generation time and by calculating effective sample sizes (ESSs- Rambaut and Drummond 2007) . For analyses using Cytb, sequences of Oligoryzomys longicaudatus and O. magellanicus were included as outgroups, since these species were recovered as sister taxa to the O. flavescens complex (González-Ittig et al. 2010 , 2014 . For the nuclear marker analyses, all the available Oligoryzomys sequences were included, using Oryzomys palustris and Neacomys spinosus as outgroups.
Divergence times among the Cytb clades of the O. flavescens complex were estimated using BEAST 1.8.1 (Drummond et al. 2012 ); we used: 1) the GTR+G nucleotide substitution model as in the previous Bayesian analysis; 2) the substitution rate of 2.3% per million years (My) estimated by Smith and Patton (1993) for the Cytb gene for South American rodents; and 3) a fossil calibration point of 1 specimen of Oligoryzomys cf. O. flavescens from the Ensenadense level (Buenos Aires, Argentina) dated at 0.78 Ma (Voglino and Pardiñas 2005) . We used the speciation birth-death process with an uncorrelated lognormal relaxed-clock model to allow rate variation among branches. For the calibration node, we used the exponential and the lognormal models as priors, given that it is highly probable that the fossil age is close to the age of its ancestral node. The Bayes factor analysis revealed no differences between the exponential and the lognormal prior distributions for the fossil. Posterior distribution of parameters, including the tree topology and divergence times, was estimated by MCMC sampling, which was drawn every 5,000 steps over a total of 50 million generations. The first 10% of the sampling was discarded as burn-in. Convergence to a stationary distribution and acceptable mixing were investigated using Tracer 1.5 (Rambaut and Drummond 2007) , considering ESSs higher than 200. The maximum clade credibility tree was produced with TreeAnotator 1.8.1 of the BEAST package and visualized using FigTree 1.4.2 (Rambaut 2014) . Kimura 2-parameter (K2P) genetic distances within and between clades based on the Cytb data were calculated using Mega 4.0 (Kumar et al. 2004) .
Phylogeographic analyses based on the Cytb matrix.-A median-joining network was constructed using PopART v1.7 (Leigh and Bryant 2015) with 1,000 permutations; the method estimates the relative abundance of each haplotype and the genealogical relationships among them. In addition, this software finds the median vectors corresponding to the theoretical consensus sequences, possible unsampled sequences or extinct ancestral sequences by using a parsimony criterion.
To search for the existence of current gene flow between clades, we analyzed the data under the isolation with migration model of population divergence using the program Isolation with Migration (IM- Hey and Nielsen 2004; Hey 2005) . The model assumes that 2 descendant populations from an ancestral one could continue exchanging migrants while diverging. The program uses a Bayesian coalescent method that estimates posterior probability distributions for migration rate (m) and effective population size (θ), which can be converted to an estimation of gene flow: θm/2 = 2N e m (Hey and Nielsen 2004) . We used the HKY of finite-sites substitution model of sequence evolution for analyses. Since preliminary runs using 1 million steps indicated that asymmetrical migration rates did not qualitatively change our findings, we forced θ 1 = θ 2 = θ A and m 1 = m 2 for pairwise comparisons among the lineages. The final analysis was performed using 2 independent runs, each with 5 chains with Metropolis coupling and a linear heating increment of 0.1. Runs had a total length of 10 million steps with a burn-in period of 100,000 steps. To obtain reliable estimations of m and θ, we checked the values of the current ESS estimates (greater than 50) and the parameter plots; the upper and lower bound of the estimated 90% highest posterior density (HPD) interval was recorded.
Estimates of neutrality tests, Tajima's D and Fu's Fs, were computed for each clade in Arlequin 3.5.1.3 (Excoffier et al. 2005) . Inferences regarding the occurrence of past events of population expansion were based on mismatch distribution analyses (Rogers and Harpending 1992) . Statistical significance of these distributions was assessed using the sum of squares distances and Harpending's raggedness index (rg) (Harpending 1994) .
The Bayesian skyline plot (BSP) analysis computed with BEAST 1.8.1 was used to infer past population dynamics in clades represented by more than 50 individuals following Grant (2015) . The best-fitting model of sequence evolution was selected using jModeltest 2. As a prior, we used the time point obtained in the calibrated phylogenetic analyses with a 10-fold correction of the substitution rate, as suggested by Ho et al. (2005) for intraspecific analyses. A total of 300 million generations were sampled every 30,000 iterations with a burn-in phase of 10%. Results were visualized in Tracer 1.5 (Rambaut and Drummond 2007) . To search for an isolation by distance (IBD) pattern within clades, we tested the correlation between pairwise F ST and the natural logarithm of the geographic distances among sampling sites, using a Mantel test performed with 10,000 permutations in TFPGA (Miller 1998) .
Environmental analysis.-Ecological niche models (ENMs) were developed using Maxent 3.3.3 k (Phillips et al. 2006 ), a software package that implements a maximum entropy algorithm generating a probability distribution over the pixels in a grid of the modeling area. The Maxent algorithm was shown to be robust for modeling presence-only occurrence data, even if it is used with low numbers of occurrence records, outperforming many other techniques (Elith et al. 2006) .
Models were fitted using 1 topographic (elevation) and 19 bioclimatic variables available in the WorldClim database website (Hijmans et al. 2005 ; www.worldclim.org). These 2 sets of variables were obtained at a resolution of 2.5 arc-minutes. Covariation between them was tested by the Spearman r coefficient, considering only the values of pixels with presence data for each lineage. Those pairs of variables with an rs value > 0.80 were considered as significantly correlated; in these cases only 1 of the variables was chosen. We set the program to select 75% of the occurrence localities for model training at random, and leaving the remaining 25% for model testing. The values of the area under the curve (AUC) of the receiver operating characteristic (ROC) plot (Fielding and Bell 1997) for test points were examined. Finally, a binary prediction of occurrence for each lineage was generated. The selection of a threshold to generate a binary prediction of occurrence may introduce a bias in the ENMs. A restrictive threshold will tend to indicate that the lineages are distributed allopatrically, showing niche differentiation where no ecological differences exist. On the other hand, a permissive threshold will tend to overpredict ranges and indicate overlapping areas for parapatric lineages, leading to the erroneous inference of the possibility of gene flow among them (Warren et al. 2008 ). We used a permissive threshold (the minimum habitat suitability of any presence record threshold) to test our hypotheses regarding environmental divergence among the lineages in the O. flavescens complex.
results
Sequence revision.-On the basis of our preliminary phylogenetic analysis of Oligoryzomys Cytb sequences available from GenBank, 20 were included in this study because they grouped within the O. flavescens complex. Of these 20 sequences, 13 were named O. flavescens (DQ826006 to DQ826015, EU258542, EU258545, and GU126528), 4 O. fornesi (L37391, L37392, AY452199, and EU192158), 1 Oligoryzomys sp. B (EU192159), and 2 O. andinus (Andean pygmy rice rat; AY452200 and GU393999). Two sequences also were identified as O. flavescens West in González-Ittig et al. (2014) . We also included sequence DQ826010, shared by individuals LF1010 and LF1016, sequence DQ826011, common to individuals MN37709 and LF1077, and sequence DQ826008, shared by individuals LF2166 and LF520 (Miranda 2007) . Thus, sequences representing 23 specimens from 19 new localities from Bolivia, Brazil, Paraguay, and Peru (Myers et al. 1995; Palma et al. 2005; Miranda 2007; Miranda et al. 2009; Rogers et al. 2009; Palma et al. 2010; Percequillo et al. 2011) were added to the 101 individuals from the 36 sites sampled by us in Argentina and Uruguay, yielding a total of 124 individuals and 55 localities analyzed herein ( Fig. 1; Supplementary  Data SD1) .
The sequence EU192170 of the specimen NK21532 from Bolivia, published in Palma et al. (2010) , does not correspond to any lineage of the O. flavescens complex, but to O. aff. destructor instead (González-Ittig et al. 2014) . Among the sequences named O. fornesi in GenBank, those in Miranda et al. (2009; DQ826022 and DQ826023) and Rocha et al. (2011 Rocha et al. ( , 2015  HM594619 to HM594623, KR190446, KR190449, KR190450, KR190452) did not cluster within the O. flavescens complex and according to Weksler and Bonvicino (2015) would belong to a different species (see "Discussion").
We sequenced a segment of the Rhp3 gene from 18 specimens and added 3 sequences available in GenBank, 2 of them named O. flavescens (DQ826030 and AY163609), and 1 corresponding to specimen MSB55318 from Bolivia, which was identified O. longicaudatus for the Rhp3 sequence (EU649065) and O. andinus for the Cytb sequence (GU393999). Oligoryzomys longicaudatus does not occur in Bolivia, but is found in southern Argentina and Chile (Rivera et al. 2007; Palma et al. 2012) . In the phylogenetic reconstruction using Cytb, the specimen MSB55318 was reclassified by González-Ittig et al. (2014) Weksler and Bonvicino (2015) , to a different species (see "Discussion"). Specimens chosen to amplify DNA sequences for Fgb and Rbp3 gene segments were representative of the different clades recovered in our Cytb tree.
Phylogenetic analyses based on Cytb.-After alignment, both GenBank sequences and those generated in this study were trimmed to a 711-bp matrix, to avoid missing characters in the 5′ or the 3′ end that could make haplotype identification difficult. The phylogenetic analyses were performed on 124 individuals of the O. flavescens complex. Two sequences from GenBank of 401 bp, L37391 and L37392, were removed from subsequent phylogenetic analyses because of their length. However, both sequences group in the same clades as shown in a previous phylogenetic study (González-Ittig et al. 2014 ). In the remaining 122 sequences, PopART v1.7 identified 76 different haplotypes (the detailed information of the haplotype of each individual is shown in Supplementary Data SD1). The MP tree we obtained had a total length of 270 steps; consistency and retention indexes were 0.5593 and 0.8394, respectively. Two GenBank sequences (AY452199 and AY452200) had a higher number of nucleotide substitutions compared with the other sequences of the clade in which they grouped, probably because of poor quality sequencing. We reanalyzed the MP tree excluding those sequences, and the tree length changed from 270 to 222 steps; thus, we eliminated them from further analyses.
The MP and BI phylogenetic trees with the remaining 74 haplotypes produced identical topologies for the major clades; in general, the nodes received less support in the MP analysis. The trees showed 2 major clades, both having high support values (Fig. 2) . One comprises individuals from the western portion of the study area (hereafter referred to as West clade), and the other one groups individuals from the east (East clade). The West clade is formed by individuals of O. flavescens from central and northwestern Argentina, Paraguay, and Bolivia (represented by trapeziums in Fig. 1 The maximum clade credibility tree (Fig. 2) shows that the initial divergence of the East and West clades occurred approximately 0.89 Ma, whereas the most recent common ancestor (MRCA) of the West clade has a mean age of 0.48 My. The East clade has a MRCA of approximately 0.69 My. The fossil recovered from Buenos Aires Province, Argentina (mean age 0.78 My) would be related to the MRCA of the East clade, given the current geographic distribution of this group (Fig. 1) The mean K2P genetic divergence between the East and West clades was 3.3%; the mean value within the West clade was 1.3%. Among the subclades within the East clade the genetic distances ranged from 1.5% to 3.2% (Table 1) .
Phylogenetic analyses based on nuclear markers. Phylogeographic analyses based on the Cytb matrix.-The haplotype network including all the individuals (Fig. 3) showed haplogroups that matched the clades recovered in the phylogenetic tree. Reticulated connections involving 9 hypothetical median vectors were observed among the lineages O. fornesi, O. flavescens Uruguay and southeastern Brazil, and O. f. flavescens.
When estimating the degree of current gene flow between lineage pairs, the results showed a strongly unimodal posterior distribution for m and θ, whose bounds fall within the prior distribution. In all comparisons, m ranged between 0.001 and 0.005. The conversion of these values into estimates of 2N e m yielded, in all cases, values lower than 0.2 (data not shown). In this analysis, Oligoryzomys sp. B and O. flavescens eastern Brazil were not included due to low sample sizes.
Only the O. f. flavescens clade was represented by a number of individuals (n = 66) sufficient to perform further phylogeographic analyses. A total of 32 haplotypes was detected in that clade; 22 of them were unique to single individuals and 4 of them were found in 2 individuals. The haplotype and nucleotide diversities were 0.94 and 0.0054, respectively. The network had a star-like pattern with haplotype 1 (with a widespread distribution) and haplotype 30 in a central position. The majority of the haplotypes are connected by 1-3 mutational steps (Fig. 3) . All the neutrality test values were negative and differed significantly from the null hypothesis of constant size: D (−1.616, P < 0.05) and Fs (−22.722, P < 0.001). A mismatch distribution analysis showed a unimodal curve, indicating a recent range expansion (Fig. 4A) . The best-fitting model of sequence evolution for the BSP analysis was TrN+G, indicating an increase in the effective population size of O. f. flavescens that started about 100,000 years ago (Fig. 4B) . The Mantel test revealed a significant correlation between F ST and geographic distances among the 22 populations of O. f. flavescens (r = 0.23; P < 0.05).
Geographic distribution and environmental analysis.-Despite the low number of localities for each lineage, the distribution models performed well, with AUC values greater than 0.99. The area of probable occurrence for each clade is shown in Fig. 5 . All localities were considered in the modeling, except number 48 (Villa Hayes, Presidente Hayes, Paraguay), where a specimen of the West clade was captured, although this locality is situated far away from the distributional range of this lineage. For locality 24 (Capão do Leão, Mostardas, Rio Grande do Sul, Brazil) in the model of Oligoryzomys Uruguay and southeastern Brazil, the longitude was modified to 51°39′ in order to obtain environmental values since the coordinates provided by the author (Miranda 2007 ) indicate a point in the middle of a lake.
According to the models, the West clade (Fig. 5A) is the most widely distributed lineage, inhabiting mainly lowland (Fig. 5B) . In this case, the model also indicates the type locality of the species (Naineck, Formosa, Argentina) as suitable habitat. In the O. flavescens complex, the models predict that O. flavescens Uruguay and southeastern Brazil will be present in grasslands (Uruguayan Savanna) and forests (Alto Parana and Serra do Mar) near the Atlantic coast in Uruguay and Brazil (Fig. 5C) and O. f. flavescens inhabits almost in all the Humid Pampas and Espinal but could also be found in Humid Chaco and in the Uruguayan Savanna (Fig. 5D) 
discussion
Phylogenetic and phylogeographic analyses of the O. flavescens complex performed on a larger number of individuals from a wider geographical range than in previous studies (Rivera et al. 2007; González-Ittig et al. 2010 , 2014 allowed us to distinguish between clinal patterns of population divergence explained by processes such as gene flow, drift, or local selection from phylogenetic breaks driven by speciation. The phylogenetic reconstructions we performed with the Cytb gene clearly showed 2 well-supported clades, one that includes sequences from the west of Argentina, Paraguay, and Bolivia and another comprising all the remaining sequences of individuals from eastern Argentina and Paraguay, Uruguay, southeastern Brazil, and Peru. The inference of divergence time between these clades using the maximum clade credibility tree was about 0.89 Ma. These 2 clades also show a high degree of genetic divergence between them (K2P 3.3%) compared with intraclade divergence. This result was reported by González-Ittig et al. (2010) , based on a geographically restricted sampling compared with that of our present study.
The West and East clades were not recovered when the nuclear markers Rhp3 and Fgb were used (Supplementary Data SD3 and SD4) . This lack of resolution could be explained by the much lower substitution rates and by a 4-fold larger effective population size of nuclear genes in comparison with mitochondrial DNA. These factors increase coalescence times for nuclear genes (Palumbi et al. 2001) . Considering the relatively short time elapsed since the divergence of these 2 clades, the gene trees obtained with nuclear markers may be revealing incomplete lineage sorting and retention of ancestral polymorphisms. This is in agreement with our observation that the O. longicaudatus clade is not well supported in the Rhp3 tree and shares 1 allele with the ingroup in the Fgb tree. Previous phylogenetic reconstructions in the genus Oligoryzomys using these nuclear genes analyzed only 1 or 2 specimens per species (Rhp3-Weksler 2003; Miranda et al. 2009 ) or several specimens (4 to 16 according to the species) but coding the variable sites as missing data (Fgb-Agrellos et al. 2012) . Both circumstances hide intraspecific variability and consequently, detection of incomplete lineage sorting and retention of ancestral polymorphisms. According to our results, these genes would not be suitable to identify recently separated species in the genus Oligoryzomys (Supplementary Data SD3 and SD4) .
The IM analysis supports the idea that little or no gene flow is occurring between the East and West clades. This finding is in agreement with our ecological niche modeling analysis, which reveals a general parapatric pattern with small overlapping areas between lineages, except for the lineages O. flavescens Uruguay and southeastern Brazil and O. f. flavescens. Pygmy rice rats representing the West clade inhabit more arid or of higher altitude ecoregions than the lineages grouped in the East clade. These results, together with those from the phylogenetic analyses based on Cytb data, support the conclusion that these 2 clades represent geographically and environmentally separate lineages with independent evolutionary histories.
On the basis of 3 differences in hair and skin coloration, Contreras and Rosi (1980) described O. f. occidentalis, a subspecies of O. flavescens from western Argentina. The distribution of this subspecies falls within the geographic distribution of our West clade, according to its ecological modeling (Fig. 5A) . Considering the multiple lines of evidence presented herein (phylogenetic and divergence time estimates, genetic distance to the East clade, ecological niche modeling), and reported morphological differences by Contreras and Rosi (1980) , we suggest that the name occidentalis be applied to the West clade once a formal synonymy has been provided.
Within the West clade, 2 subclades were detected (Figs. 2 and 3) with a K2P distance of 1.9% between them. However, this phylogenetic break could be an artifact resulting from the geographic gap of the sampling between central and northwestern Argentina (Fig. 1 ). An extensive sampling effort covering its range should be performed to widen our knowledge of this clade.
The (Fig. 3) . These results agree with the relatively recent splits in these lineages. The estimated MRCA of the clades in the complex comprises relatively short spans; Oligoryzomys sp. B the diverged 0.69 Ma, followed by O. fornesi (0.52 Ma), and then by the 3 clades referable to O. flavescens (between 0.21 and 0.28 Ma; Fig. 2) .
Our phylogenetic reconstructions show that Oligoryzomys sp. B is closely related to O. flavescens. This relationship was previously proposed by Carleton and Musser (1989) since both species were included in the flavescens morphological group. These authors suggested that Oligoryzomys sp. B corresponds to the Andean counterpart of O. flavescens, distributed on both flanks of the Bolivian and Peruvian Andes between 2,000 and 4,000 m. Palma et al. (2010) analyzed the same sequence of Oligoryzomys sp. B we used in our study and recovered it as sister to O. fornesi. However, Palma et al. (2010) did not find a close relationship between Oligoryzomys sp. B and O. flavescens; indeed, they claim that these lineages are highly divergent. The discrepancy between Palma et al. (2010) and our present results, in line with those of Carleton and Musser (1989) , can be explained by the fact that the only specimen named O. flavescens in Palma's study (EU192170) corresponds to O. aff. destructor (González-Ittig et al. 2014) . Furthermore, this sequence belongs to a specimen captured from a locality outside the distribution area of O. flavescens (Palma et al. 2010) . To prevent misleading conclusions about the relationships among species and to obtain a more accurate phylogenetic hypothesis, specimens from different localities representing each specieslevel entity should be analyzed.
In the original description of O. fornesi, Massoia (1973) highlighted its strong morphological resemblance to O. flavescens. The close relationship between these 2 species was recovered in phylogenetic studies based on the Rhp3 gene combined with morphological characters (Weksler 2003 (Weksler , 2006 . González-Ittig et al. (2010 , 2014 analyzing 22 specimens from both species with 2 mtDNA markers (Cytb and the control region) recovered O. fornesi as a separate clade within the O. flavescens complex. This cast doubt on the validity of the specific status of the O. fornesi. In this study, O. fornesi is recovered as the sister species of all the clades regarded as O. flavescens, although this relationship is not well supported in the MP phylogenetic reconstruction based on Cytb. According to our IM analysis, there should be no gene flow between these 2 species. Moreover, the ENM results indicate that these 2 groups occur mostly in separate ecoregions, although O. fornesi would be in sympatry with the O. f. flavescens clade in the south of the Humid Chaco, in northeastern Argentina (Fig. 5) . Studies using additional specimens of these species should integrate morphological, cytogenetic, and molecular data to establish whether O. fornesi is a full species or a subspecies of O. flavescens.
Recently, Weksler and Bonvicino (2015) reported that all the small-body-sized and yellow-bellied specimens with 2n = 62, FN = 64, from the Cerrado and Caatinga ecoregions, previously identified as O. fornesi, should be regarded as Oligoryzomys mattogrossae. This species includes individuals recognized as the natural host of Anajatuba Hantavirus genotype in northern Brazil (Rosa et al. 2005) . Regarding O. fornesi, Weksler and Bonvicino (2015) restrict the species to the vicinity of the type locality in Argentina and remark that the taxonomic status of this form needs to be reassessed in relation to O. mattogrossae. All the specimens of the O. fornesi clade in our study that occur in the Chaco ecoregion do not form a group in any of the phylogenetic reconstructions (Cytb, Rhp3, and Fgb) with specimens named O. fornesi (or O. mattogrossae) from other biogeographic regions ( Fig. 2 ; Supplementary Data SD3 and SD4).
As for the clades regarded as O. flavescens, the IM analysis indicates no gene flow between O. flavescens Uruguay and southeastern Brazil and O. f. flavescens. In contrast, the ENM predicts an area of overlapping distribution (Fig. 5) . Given the minimal sampling from Brazil and Uruguay, gene flow estimates between these clades and their potential distribution should be considered with caution.
Phylogeographic analysis of O. f. flavescens.-All the neutrality tests and the mismatch distribution analyses support the hypothesis that O. f. flavescens experienced a range expansion. According to the BSP analysis, such expansion occurred about 100,000 years ago and was likely associated with an interglacial period (Rabassa and Clapperton 1990; Denton et al. 2010 ). However, we detected a current IBD pattern among populations of O. f. flavescens suggesting that the time elapsed after the expansion would have been enough to reach an equilibrium between gene flow and genetic drift. Chiappero et al. (1997) , using allozymes as markers, reported low levels of genetic differentiation without an IBD pattern among populations of O. f. flavescens from the Humid Pampas ecoregion. They suggested that the species colonized the area fairly recently and that the passive transport of animals down the river by floating plants would promote a unidirectional gene flow. The differences between the findings of Chiappero et al. (1997) and our own may be due to the fact that our sampling area includes localities unconnected by major watercourses, which would limit passive migration.
In summary, we found a deep phylogenetic break between the East and West clades in the O. flavescens complex, which would have occurred 0.89 Ma. Furthermore, the ENMs revealed that these clades are distributed in different ecoregions. The distribution of the West clade includes that of the subspecies O. f. occidentalis. These results, together with morphological differences previously described between specimens belonging to O. f. flavescens and O. f. occidentalis, suggest that the latter should be recognized as a full species. According to our results, the host of the Bermejo Hantavirus genotype is O. f. occidentalis, leaving O. f. flavescens associated only with the Lechiguanas genotype. By determining the precise rodent identifications as well as estimating their geographic range, we contribute to the epidemiology of Hantavirus Pulmonary Syndrome in South America.
Nomenclatural statement.-A life science identifier (LSID) number was obtained for this publication: LSID: urn:lsid:zoobank. org:pub:EBEB0067-3665-4CD2-9527-4D0CC40574F9.
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